McGinn & Gibb, PLLC 
A Professional Limited Liability Company 
Patents, Trademarks, Copyrights, and Intellectual Property Law 
8321 Old Courthouse Rd, Suite 200 
Vienna, Virginia 22182-3817 
Telephone (703) 761-4100 
Facsimile (703) 761-2375 



APPLICATION 
FOR 
UNITED STATES 
LETTERS PATENT 



APPLICANT: Morioka et al. 



FOR: HIGH-ENERGY DENSITY LARGE- 

CAPACITY STABLE BATTERY 
HAVING ELECTRODE LAYER 
CONTAINING CYCLIC CONJUGATED 
CARBON YL COMPOUND FORMING 
PART OF AT LEAST ONE 
ELECTRODE 



DOCKET NO.: 



N1145-U 



TITLE OF THE TNVENTTON 
HIGH-ENERGY DENSITY LARGE-CAPACITY STABLE BATTERY 
HAVING ELECTRODE LAYER CONTAINING CYCLIC CONJUGATED 
CARBONYL COMPOUND FORMING PART OF AT LEAST ONE 
ELECTRODE 

FIELD OF THE INVENTION 
This invention relates to a battery and, more particularly, to a battery 
containing organic compound as the active material. 

DESCRIPTION OF THE RELATED ART 
A battery converts the chemical energy to the electric energy and vice 
versa, and accumulates the electric energy in the form of chemical energy 
through oxidation- reduction. The battery is used as a power source in vari- 
ous electric devices. 

Portable electronic devices are rapidly spread, and a large- capacity and 
small- weight battery is required for the portable electronic devices. Thus, 
there is a great demand for the large-capacity and small-weight battery. Re- 
search and development efforts have been made on a battery, which uses al- 
kaline metal ion, because the alkaline metal ion is small in mass per unit 
charge. Especially, the lithium ion battery is a large capacity stable battery, 
and is employed in the portable electronic devices. The lithium ion battery 
has a positive electrode formed of lithium- containing heavily metal oxide and 
a negative electrode formed of carbon, and converts the energy through the 
elimination reaction of lithium and the reverse reaction. 
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However, the lithium ion battery is small in capacity per unit mass. This 
is because of the fact that the heavily metallic compound, which is large in 
specific gravity, is used for the positive electrode. Thus, the lithium ion bat- 
tery can not perfectly satisfy the requirement for the portable electronic de- 
vices. 

A battery which does not need any heavy metal compound is required. 
Candidates are disclosed in U.S. patent No. 4,833,048 and Japanese Patent No. 
2715778. The batteries have the positive electrodes formed of organic com- 
pound with disulfide linkage. The principle employed in the batteries is an 
electrochemical oxidation/ reduction reaction where disulfide linkages are 
produced and dissociated. The positive electrode is formed of compound, the 
main components of which are light elements such as sulfur and carbon. For 
this reason, the batteries are fairly reduced in weight, and are near the techni- 
cal goal. However, the dissociated disulfide linkages merely recombine at a 
low efficiency. Those batteries are less stable in charging/ discharging. 

Conductive polymer compounds are also available for the batteries. The 
principle of the battery is the doping reaction of electrolyte ion to the con- 
ductive polymer compound and the undoping reaction. The doping reaction 
means a phenomenon where exitons such as solitons or polarons, which are 
generated in the oxidation- reduction of the conductive polymer compound, 
are stabilized with counter ions. On the other hand, the undoping reaction is 
reverse to the doping reaction. The exitons stabilized with the counter ions 
are electrochemically oxidized or reduced in the undoping reaction. 



U.S. patent No. 4,442,187 discloses a battery which has a positive electro- 
de or a negative electrode formed of the conductive polymer compound. 
Since the conductive polymer compound is composed of light elements such 
as carbon and nitrogen, the battery is expected to achieve large capacity. 
However, the exitons generated through the oxidation- reduction are delocal- 
ized in the iz electron conjugate system, and they interact each other. This re- 
sults in a limit to the concentration of exitons, and the battery can not suffi- 
Jr ciently increase the capacity. 

As described hereinbefore, research and development efforts have been 

y made on a large energy density and large capacity stable battery without using 

CP 

OJ the heavy metal oxides. The prior art batteries are fairly reduced in weight, 

jjj However, the prior art batteries do not satisfy the user. The prior art batteries 

'js are still on their way to the large capacity. In other words, any high-energy 
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y, density, large capacity and stable battery have not been developed. 

In summary, the lithium ion batteries reach the limit of the capacity, and 
the batteries with the conductive polymer compound are still on the way to 
the technical goal. 

SUMMARY OF THE INVENTION 
It is therefore an important object of the present invention to provide a 
battery, which is high in energy density, large in capacity and stable. 

To accomplish the object, the present invention proposes to use new or- 
ganic compound with a particular structure as active material of battery. 
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In accordance with one aspect of the present invention, there is provided a 
battery comprising a positive electrode, a negative electrode and electrolyte, 
at least one of the positive and negative electrodes including an electrode 
layer essentially composed of cyclic conjugated carbonyl compound having a 
structural unit expressed by general formula (1) 



„C=Ar=Q 



(1) 



where Ar is an organic group equivalent to a compound selected from the 
group consisting of aromatic compound having carbon number 5 to 14 from 
which two hydrogen atoms are eliminated and substituted compound of said 
aromatic compound from which two hydrogen atoms are eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the battery will be more clearly understood 
from the following description taken in conjunction with the accompanying 
drawings in which: 

Fig. 1 is a plane view showing the structure of a battery according to the 
present invention; 

Fig. 2 is a cross sectional view showing the structure of the battery; and 
Fig. 3 is a graph showing a charge-discharge profile measured at the bat- 
tery implementing the first embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Structure of Battery 

Referring to figure 1 of the drawings, a battery embodying the present in- 
vention largely comprises a negative electrode I, a positive electrode 2, a 
separator 5 containing electrolyte, a package 6 and a pair of terminals 7. The 
separator 5 is sandwiched between the negative electrode 1 and the positive 
electrode 2. The negative electrode 1, the positive electrode 2 and the sepa- 

O rator 5 are sealed in the package 6, and the terminals 7 project from the nega- 

J y tive/ positive electrodes 1/ 2 through the package 6. 

Li As shown in figure 2, the negative electrode 1 has a negative electrode 

T layer la and a current collector 3 connected to each other. On the other hand, 

fy the positive electrode 2 has a positive electrode layer 2a and a current collec- 

5 tor 4 connected to each other. The separator 5 is sandwiched between the 

u 

negative electrode layer la and the positive electrode layer 2a. At least one 
of the negative electrode layer la, positive electrode layer 2a and separator 5 
contains cyclic conjugated carbonyl compound as active material. It is pref- 
erable that the battery shown in figures 1 and 2 is a lithium secondary battery 
from the viewpoint of the capacity. 
Active Material 

The active material used in the battery directly participates in the electrode 
reaction such as the charging reaction and the discharging reaction, and is the 
essential part of the battery system. The active material may be solid, or dis- 
solved or dispersed in electrolyte. 
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The active material contains the cyclic conjugated carbonyl compound, the 
structural unit of which is expressed by general formula (1). 



=Ar= 



(l) 



where Ar is an organic group equivalent to aromatic compound having carbon 
number 5 to 14 from which two hydrogen atoms are eliminated or substituted 
compound of the aromatic compound from which two hydrogen atoms are 
eliminated. 

The carbonyl compound has a large energy density per unit mass, and is 
appropriate for the active material of the stable battery. 

It is preferable that the cyclic conjugated carbonyl compound has the 
structural unit expressed by one of the general formulae (2) and (3) or the 
structural units respectively expressed by the general formulae (2) and (3). 



R H 

R 3 R 4 



(2) 



where substituents R 1 to R 4 are independent of one another, each of the sub- 
stituents R 1 to R 4 is selected from the group consisting of hydrogen, halogen 
atoms, hydroxyl group, nitro group, nitroso group, cyano group, carboxyl 
group, alkyl group, substituted alkyl group, alkenyl group, substituted alkenyl 
group, cycloalkyl group, substituted cycloalkyl group, aryl group, substituted 
aryl group, aralkyl group, substituted aralkyl group, amino group, substituted 
amino group, alkoxy group, substituted alkoxy group, aryloxy group, substi- 
tuted aryloxy group, alkoxy carbonyl group, substituted alkoxycarbonyl group, 
aryloxycarbonyl group, substituted aryloxycarbonyl group, acyl group and 
substituted acyl group, each of the above-described groups may have sulfur 
atom, silicon atom, phosphorous atom or boron atom substituted for at least 
one atom thereof, and the substituents adjacent to one another may form a 
ring structure. 




where substituents R 5 - R 8 are same as R 1 - R 4 of general formula (2). The 
structural unit expressed by general formula (2) or (3) is composed of low- 



mass elements such as carbon, hydrogen and oxygen. For this reason, the 
battery using the cyclic conjugated carbonyl compound with the structural 
unit as active material of the electrode achieves a large energy density per 
unit mass. 

It is preferable that the cyclic conjugated carbonyl compound is expressed 
by general formulae (4) or (5). 




(4) 



where substituents R 9 - R 16 are same as R 1 - R 4 of general formula (2). 




(5) 



where substituents R 17 - R 20 are independent of one another, and each of the 
substituents R 17 - R 20 is alykyl group having carbon number 1 to 6. The cyclic 
conjugated carbonyl compound expressed by general formula (4) or (5) is 
composed of low-mass elements such as carbon, hydrogen and oxygen. For 
this reason, the battery using the compound as active material of the electrode 
achieves a large energy density per unit mass. 

It is preferable that the cyclic conjugated carbonyl compound is expressed 
by any one of general formulae (6) to (8) 



where X is organic group equivalent to aromatic compound having carbon 
number 5 - 30 from which n hydrogen atoms are eliminated or substituted 
compound of the aromatic compound from which n hydrogen atoms are elimi- 
nated, V is the structural unit expressed by general formula (9), X is bonded 
to n structural units V independent of one another, and n is an integer from 2 
to 6. 




(6) 



R 



R 2 



where R 1 to R 4 are same as those in general formula (2). 




(7) 



where Y is n-valent organic group equivalent to chain hydrocarbon compound 
having carbon number 1 to 5 from which n hydrogen atoms are eliminated, 
substituted compound of the chain hydrocarbon compound from which n hy- 
drogen atoms are eliminated, cyclic hydrocarbon compound having carbon 
number 3 to 30 from which n hydrogen atoms are eliminated or substituted 
compound of the cyclic hydrocarbon compound from which n hydrocarbons 
are eliminated or the hydrocarbon compound in which oxygen atom, nitrogen 
atom, sulfur atom, silicon atom, phosphorous atom or boron atom may be sub- 
stituted for at least one carbon atom thereof, or bivalent sulfur atom; Z is the 
structural unit expressed by general formula (10); Y is bonded to the n struc- 
tural units Z independent of one another; and n is an integer from 2 to 6. 




(10) 
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where R 1 to R 4 are same as those in general formula (9), and substituent R 9 is 
a monovalent organic group same as the substituent in general formula (2). 



w 

(8) 



where Y is same as that in general formula (7), W is the structural unit ex- 
pressed by general formula (11), Y is bonded to the n structural units W inde- 
pendent of one another and n is an integer from 2 to 6. 



11 




where R 1 to R 4 and R 9 are same as those in general formula (10); and R 10 is a 
ir; divalent organic group equivalent to a compound which is selected from the 

Q group consisting of substituted/ non-substituted aliphatic hydrocarbon com- 

fy pounds, substituted/ non-substituted aromatic hydrocarbon compounds, sub- 

l== stitutedV non-substituted amine compounds, substituted/ non-substituted ether 

ru 

^ compounds, substituted/ non- substituted ester compounds, substituted/ non- 

T: substituted ketone compounds, substituted/ non-substituted amido compounds, 

substituted/ non-substituted compounds each having any one of the combina- 
tions of the functional groups contained in the substituted/ non- substituted 
aliphatic hydrocarbon compounds, the substituted/ non-substituted aromatic 
hydrocarbon compounds, the substituted/ non-substituted amine compounds, 
the substituted/ non-substituted ether compounds, the substituted/ non- 
substituted ester compounds, the substituted/ non-substituted ketone com- 
pounds and the substituted/ non-substituted amido compounds and from 
which two hydrogen atoms are eliminated and in which oxygen atom, nitrogen 
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atom, sulfur atom, silicon atom, phosphorous atom or boron atom may be sub- 
stituted for at least one atom contained therein. 

The cyclic conjugated carbonyl compound expressed by any one of equa- 
tions (6) to (8) includes plural cyclohexadienonyliden structural units in the 
molecule so that the oxidation/ reduction reaction takes place at high effi- 
ciency. 

It is preferable that the cyclic conjugated carbonyl compound is a polymer 
compound which has the structural unit expressed by any one of general for- 
mulae (12) to (16). 



FT 



,21 



FT 



,22 



R< 



,23 




R 24 



(12) 



O 



wtlere substitudrits R 21 to R 24 are same as the substituents R 1 to R 4 in the gen- 
eral formula (2). 



where substituefits R 25 to R 30 are the substituents R 1 to R 4 in the general for- 
mula (2). 
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where substituents R 31 to R 36 are same as the substituents R 1 to R 4 . 




where substituents R 1 to R 4 and R 9 are same as those in the general formula 
(10). 




(16) 



where R 1 to R 4 , R 9 and R 10 are same as those in the general formula (11). 

The cyclic conjugated carbonyl compound expressed by any one of the 
general formulae (12) to (16) includes the cyclohexadienonylidene structural 
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unit in the polymer so that the oxidation and reduction reaction efficiently 
proceeds and the cycle characteristics do not depend on the diffusion of the 
active material. For this reason, the battery is stable. 

It is preferable that the cyclic conjugated carbonyl compound serves as the 
active material in the positive electrode, because the battery exhibits a high 
energy density and a large capacity. 

It is preferable that the battery according to the present invention is a 
lithium secondary battery. Then, the battery is stable, and exhibits a large ca- 
pacity. 

Cy clic Conjugated Carbonyl Compound 
As described hereinbefore, the cyclic conjugated carbonyl compound in- 
cludes the structural unit expressed by the general formula (1), and it is pref- 
erable that the structural unit is expressed by both of or any one of the general 
formulae (2) and (3). Nevertheless, the general formulae (2) and (3) do not 
set any limit on the cyclic conjugated carbonyl compound. The low- 
molecular weight compounds expressed by the general formulae (4) to (8) are 
examples of the cyclic conjugated carbonyl compound, and the high- 
molecular weight compounds expressed by the general formulae (12) to (16) 
are other examples of the cyclic conjugated carbonyl compound. The active 
material may contain more than one kind of the cyclic conjugated carbonyl 
compound. The structural unit is hereinafter described in detail. 

Substituents 
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As described hereinbefore, halogen atom may be the substituents R 1 to R 8 
in the general formulae (2) and (3) and the substituent R 9 in the general for- 
mula (10). The halogen atom is selected from the group consisting of fluorine, 
chlorine, bromine, iodine and any combination of more than one halogen at- 
oms. 

Examples of substituted/ non-substituted alkyl groups are methyl group, 
ethyl group, propyl group, isopropyl group, n-butyl group, s-butyl group, iso- 
butyl group, t-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n- 
octyl group, hydroxymethyl group, 1- hydroxyethyl group, 2- hydroxyethyl 
group, 2- hydro xyisobutyl group, 1, 2- dihydroxyethyl group, 1,3- dihy- 
droxyisopropyl group, 2, 3-dihydroxy-t- butyl group, 1, 2, 3- trihydroxypro- 
pyl group, chloromethyl group, 1- chloroethyl group, 2- chloroethyl group, 2- 
chloroisobutyl group, 1, 2-dichloroethyl group, 1, 3- dichloro-iso- propyl 
group, 1, 1- bis (chloromethyl) ethyl group, 1, 2, 3-trichloropropyl group, 
bromomethyl group, 1-bromoethyl group, 2-bromoethyl group, 2- bromoiso- 
butyl group, 1, 2-dibromoethyl group, 1, 3-dibromoisopropyl group, 2, 3- 
dibromo-t- butyl group, 1,2, 3-tribromopropyl group, iodomethyl group, 1- 
iodoethyl group, 2- iodoethyl group, 2-iodoisobutyl group, 1, 2-diiodoethyl 
group, 1, 3-diiodoisopropyl group, 2, 3-diiodo-t- butyl group, 1, 2, 3-triiodo- 
propyl group, aminomethyl group, 1- aminoethyl group, 2-aminoethyl group, 
2-aminoisobutyl group, 1, 2-diaminoethyl group, 1, 3-diaminoisopropyl group, 
2, 3-diamino-t- butyl group, 1, 2, 3-triaminopropyl group, cyanomethyl group, 
1- cyanoethyl group, 2-cyanoethyl group, 2- cyanoisobutyl group, 1, 2- 
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dicyanoethyl group, 1, 3-dicyanoisopropyl group, 2, 3-dicyano-t- butyl group, 
1, 2, 3-tricyanopropyl group, nitromethyl group, 1-nitroethyl group, 2- 
nitroethyl group, 2-nitroisobutyl group, 1, 2-dinitroethyl group, 1, 3- 
dinitroisopropyl group, 2, 3-dinitro-t- butyl group and 1, 2, 3-trinitropropyl 
group. More than one group may be simultaneously used. 

Examples of substituted/ non-substituted alkenyl groups are vinyl group, 
allyl group, 1-butenyl group, 2-butenyl group, 3-butenyl group, 1, 3- 
butandienyl group, 1 -methyl vinyl group, styryl group, 2, 2-diphenylvinyl 
group, 1, 2-diphenylvinyl group, 1, 2-diphenylvinyl group, 1-methylallyl 
group, 1, 1-dimethylallyl group, 2-methylallyl group, 1-phenylallyl group, 2- 
phenylallyl group, 3-phenylallyl group, 3, 3-diphenylallyl group, 1, 2- 
dimethylallyl group, 1 -phenyl- 1- butenyl group and 3-phenyl-l- butenyl 
group. More than one group may be simultaneously used. 

Examples of substituted/ non-substituted cycloalkyl groups are cyclopro- 
pyl group, cyclobutyl group, cyclopentyl group, cylcohexyl group and 4- 
methylcyclohexyl group. More than one group may be simultaneously used. 

Examples of substituted/ non-substituted aryl groups are phenyl group, 1- 
naphtyl group, 2-naphthyl group, 9-fluorenyl group, 1-anthryl group, 2- 
anthryl group, 9-anthryl group, 1 -phenanthryl group, 2-phenanthryl group, 3- 
phenanthryl group, 4-phenanthryl group, 9-phenanthryl group, 1 -naphthasenyl 
group, 2 -naphthasenyl group, 9-naphthasenyl group, 1-pyrenyl group, 2- 
pyrenyl group, 4-pyrenyl group, 2-biphenylil group, 3-biphenylil group, 4- 
biphenylil group, p-terphenyl- 4-il group, p-terphenyl- 3-il group, p- 
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terphenyl- 2-il group, m-terphenyl- 4-il group, m-terphenyl- 3-il group, m- 
terphenyl- 2-il group, o-tolyl group, m-tolyl group, p-tolyl group, p-t- 
butylphenyl group, p- (2-phenylpropyl) phenyl group, 3-methyl- 2-naphthyl 
group, 4-methyl- 1-naphthyl group, 4-methyl- 1-anthryl group, 4'- 
methylbiphenylil group, 4"-t-butyl- p-terphenyl- 4-il group, 1-pyrolyl group, 
2-pyrolyl group, 3-pyrolyl group, pyrazinyl group, 2-pyridinyl, 3-pyridinyl 
group, 4-pyridmyl group, 1-indolyl group, 2-indolyl group, 3-indolyl group, 

4- indolyl group, 5-indolyl group, 6-indolyl group, 7-indolyl group, 1- 
isoindolyl group, 2-isoindolyl group, 3-isoindolyl group, 4-isoindolyl group, 

5- isoindolyl group, 6-isoindolyl group, 7-isoindolyl group, 2-furil group, 3- 
furil group, 2-benzofuranyl group, 3-benzofuranyl group, 4-benzofuranyl 
group, 5-benzofuranyl group, 6-benzofuranyl group, 7-benzofuranyl group, 1- 
isobenzofuranyl group, 3-isobenzofuranyl group, 4-isobenzofuranyl group, 5- 
isobenzofuranyl group, 6-isobenzofuranyl group, 7-isobenzofuranyl group, 2- 
quinolyl group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl group, 6- 
quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-isoquinolyl group, 3- 
isoquinolyl group, 4-isoquinolyl group, 5-isoquinolyl group, 6-isoquinolyl 
group, 7-isoquinolyl group, 8-isoquinolyl group, 2-quinoxalinyl group, 5- 
quinoxalinyl group, 6-quinoxalinyl group, 1-carbazolyl group, 2-carbazolyl 
group, 3-carbazolyl group, 4-carbazolyl group, 9-carbazolyl group, 1- phe- 
nanthridinyl group, 2-phenanthridinyl group, 3-phenanthridinyl group, 4- 
phenanthridinyl group, 6-phenanthridinyl group, 7-phenanthridinyl group, 8- 
phenanthridinyl group, 9-phenanthridinyl group, 10-phenanthridinyl group, 1- 
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acridinyl group, 2- acridinyl group, 3- acridinyl group, 4- acridinyl group, 9 
acridinyl group, 1, 7- phenanthroline-2- il group, 1, 7- phenanthroline-3- il 
group, 1, 7- phenanthroline- 4- il group, 1, 7- phenanthroline-5- il group, 1, 7- 
phenanthroline-6- il group, 1, 7- phenanthroline-8- il group, 1, 7- phenan- 
throline-9- il group, 1, 7- phenanthroline- 10- il group, 1, 8- phenanthroline-2- 
il group, 1, 8- phenanthroline-3- il group, 1, 8- phenanthroline-4- il group, 1, 

8- phenanthroline-5- il group, 1, 8- phenanthroline-6- il group, 1, 8- phenan- 
throline-7- il group, 1, 8- phenanthroline-9- il group, 1, 8- phenanthroline- 10- 
il group, 1, 9- phenanthroline-2- il group, 1, 9- phenanthroline-3- il group, 1, 

9- phenanthroline-4- il group, 1, 9- phenanthroline-5- il group, 1, 9- phenan- 
throline-6- il group, 1, 9- phenanthroline-7- il group, 1, 9- phenanthroline-8- 
il group, 1, 9- phenanthroline- 10- il group, 1, 10- phenanthroline-2- il group, 

1, 10- phenanthroline-3- il group, 1, 10- phenanthroline-4- il group, 1, 10- 
phenanthroline-5- il group, 2, 9- phenanthroline- 1 - il group, 2, 9- phenan- 
throline-3- il group, 2, 9- phenanthroline-4- il group, 2, 9- phenanthroline-5 - 
il group, 2, 9- phenanthroline-6- il group, 2, 9- phenanthroline-7- il group, 2, 
9- phenanthroline-8- il group, 2, 9- phenanthroline- 10- il group, 2, 8- phe- 
nanthroline- 1- il group, 2, 8- phenanthroline-3- il group, 2, 8- phenanthroline 
4- il group, 2, 8- phenanthroline-5- il group, 2, 8- phenanthroline-6- il group, 

2, 8- phenanthroline-7- il group, 2, 8- phenanthroline-9- il group, 2, 8- phe- 
nanthroline- 10- il group, 2, 7- phenanthroline- 1- il group, 2, 7- phenanthro- 
line-3- il group, 2, 7- phenanthroline-4- il group, 2, 7- phenanthroline-5- il 
group, 2, 7- phenanthroline-6- il group, 2, 7- phenanthroline-8- il group, 2, 7- 
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phenanthroline-9- il group, 2, 7- phenanthroline-10- il group, 1 -phenazinyl 
group, 2- phenazinyl group, 1-phenothiazinyl group, 2-phenothiazinyl group, 
3-phenothiazinyl group, 4-phenothiazinyl group, 1 0-phenothiazinyl group, 1- 
phenoxazinyl group, 2-phenoxazinyl group, 3-phenoxazinyl group, 4- 
phenoxazinyl group, 1 0-phenoxazinyl group, 2-oxazolyl group, 4-oxazolyl 
group, 5-oxazolyl group, 2-oxadiazolyl group, 5-oxadiazolyl group, 3- 
furazanyl, 2-thienyl group, 3- thienyl group, 2-methylpyrrole- 1 -il group, 2- 
methylpyrrole- 3-il group, 2-methylpyrrole- 4-il group, 2-methylpyrrole- 5-il 
group, 3-methylpyrrole- 1 -il group, 3-methylpyrrole- 2-il group, 3- 
methylpyrrole- 4-il group, 3-methylpyrrole- 5-il group, 2-t- butylpyrrole-4-il 
group, 3-(2-phenylpropyl) pyrrole- 1 -il group, 2-methyl-l- indolyl group, 4- 
methyl-1- indolyl group, 2-methyl-3- indolyl group, 4-methyl-3- indolyl 
group, 2-t-butyl-l- indolyl group, 4-t-butyl-l- indolyl group, 2-t-butyl-3- in- 
dolyl group and 4-t-butyl-3- indolyl group. More than one group may be 
simultaneously used. 

Examples of substituted/ non- substituted aralkyl groups are benzyl group, 

1- phenylethyl group, 2-phenylethyl group, 1-phenylisopropyl group, 2- 
phenylisopropyl group, phenyl-t- butyl group, ct-naphtyl group, 1-a- 
naphthylethyl group, 2-a-naphthylethyl group, 1-a- naphthylisopropyl group, 

2- a- naphthylisopropyl group, p- naphthylmethyl group, 1-0- naphthylethyl 
group, 2-p- naphthylethyl group, 1-p- naphthylisopropyl group, 2-0-naphthyl- 
isopropyl group, 1 -pyrolylmethyl group, 2-(l-pyrolyl) ethyl group, p-methyl- 
benzyl group, m-methylbenzyl group, o-methylbenzyl group, p-chlorbenzyl 
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group, m-chlorbenzyl group, o-chlorbenzyl group, p-bromobenzyl group, m- 
bromobenzyl group, o-bromobenzyl group, p-iodobenzyl group, m-iodobenzyl 
group, o-iodobenzyl group, p-hydroxybenzyl group, m-hydroxybenzyl group, 
o-hydroxybenzyl group, p-aminobenzyl group, m-aminobenzyl group, o- 
aminobenzyl group, p-nitrobenzyl group, m-nitrobenzyl group, o-nitrobenzyl 
group, p-cyanobenzil group, m-cyanobenzyl group, o-cyanobenzyl group, 1- 
hygroxy-2- phenylisopropyl group and l-chlor-2-phenylisopropyl group. 
More than one group may be simultaneously used. 

The substituted/ non-substituted amino groups are expressed as -N X ! X 2 . 
Substituents X 1 and X 2 are independent of each other, and each of X 1 and X 2 
is hydrogen, the above-mentioned substituted/ non-substituted alkyl group, 
the above-mentioned substituted/ non-substituted alkenyl group, the above- 
mentioned substituted/ non- substituted cycloalkyl group, the above-mentioned 
substituted/ non-substituted aryl group or above-mentioned substituted/ non- 
substituted aralkyl group. More than one element and/ or group may be 
simultaneously used therein. 

The substituted/ non-substituted alkoxy groups are expressed as -OX 3 , 
and the substituted/ non- substituted alkoxycarbonyl groups are expressed as - 
COOX 4 . Examples of the substituents X 3 and X 4 are the above-mentioned 
substituted/ non-substituted alkyl groups, the above-mentioned substituted/ 
non-substituted cycloalkyl groups and the above-mentioned substituted/ non- 
substituted aralkyl groups. 
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The substituted/ non-substituted aryloxy groups are expressed as -OX 5 , 
and the substituted/ non-substituted aryloxycarbonyl groups are expressed as 
-COOX 6 . Examples of the substituents X 5 and X 6 are above-mentioned sub- 
stituted/ non-substituted aryl groups. 

The substituted/ non-substituted acyl groups are expressed as -C (=0) X 7 , 
and examples of the substituent X 7 are hydrogen, the above- mentioned sub- 
stituted/ non-substituted alkyl groups, the above-mentioned substituted/ non- 
y . substituted alkenyl groups, the above- mentioned substituted/ non-substituted 

q cycloalkyl groups, the above- mentioned substituted/ non-substituted aryl 

ru 

groups and the above- mentioned substituted/ non-substituted aralkyl groups. 
The general formula (6) has the substituent X, and substituent X is the or- 
j\ ganic group equivalent to aromatic compound from which n hydrogen atoms 

p: are eliminated or substituted aromatic compound from which n hydrogen 

o atoms are eliminated. Examples of the substituted/ non-substituted aromatic 

compounds are benzene, naphthalene, anthracene, phenanthrene, triphenylene, 
pyrene, chrysene, naphthacene, picene, perylene, pentaphene, pentacene, hex- 
acene, hexaphene, coronene, trinaphthylene, heptaphene, heptacene, thio- 
phene, thiansulene, furan, pyran, pyrrole, pyridine, pyrazine, pyrimidine, 
pyridazine, indole, quinoline, isoquinoline, phthalazine, naphthyridine, 
quinoxaline, carbazole, phenanthridine, acridine, phenazine, phenanthroline 
and phenoxazine. 

The general formulae (7) and (8) have the substituent Y, and the substitu- 
ent Y is the n- valent organic group equivalent to the chain hydrocarbon com- 
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pound having carbon number 1 to 5 from which n hydrocarbons are eliminat- 
ed and in which oxygen atom, nitrogen atom, sulfur atom, silicon atom, phos- 
phorous atom or boron atom may be substituted for at least one carbon atom 
thereof Examples of the substituted/ non-substituted chain hydrocarbon 
compounds are methane, ethane, ethylene, propane, propene, n-butane, iso- 
butane, 1-butene, 2-butene, 1,3- butadiene, 1-butin, 2-butin, n- pentane, 
isopentane, neopentane, 1-pentene, 2-pentene, 1,3- pentadiene, 1,4- pentadi- 
ene, 1-pentyne and 2-pentyne. 

Otherwise, the n-valent organic group is equivalent to the substituted/ non- 
substituted cyclic hydrocarbon compounds having carbon number 3 to 30 
from which n hydrocarbons are eliminated and in which oxygen atom, nitro- 
gen atom, sulfur atom, silicon atom, phosphorous atom or boron atom may be 
substituted for at least one carbon atom thereof Examples of the substituted/ 
non-substituted cyclic hydrocarbon compounds are cyclopropane, cyclobutane, 
cyclopentane, cyclopentene, cyclopentadiene, cyclohexane, cyclohexene, cy- 
clohexadiene, spiro [3, 3]heptane, spiro [3, 4] octane, spiro [4, 4] nonane, 
spiro [4, 5] decane, spiro [5, 5] undecane, spiro [5, 6] dodecane, spiro [6, 6] 
tridecane, benzene, naphthalene, anthracene, phenanthrene, triphenylene, py- 
rene, chrysene, naphthacene, picene, perylene, pentaphene and pentacene. 
Examples of the derivative of the cyclic hydrocarbon compound are cyclobu- 
tanone, cyclopentanone, cyclohexanone, cyclohexanedion, cyclohexadienone 
and cyclohexantrione. 
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The general formula (11) has the substituent R i0 , and the R 10 represents the 
bivalent organic groups described hereinbefore. The bivalnet organic group is, 
by way of example, equivalent to the aliphatic hydrocarbon compound from 
which two hydrogen atoms are eliminated and in which oxygen atom, nitrogen 
atom, sulfur atom, silicon atom, phosphorous atom or boron atom may be sub- 
stituted for at least one carbon atom thereof or the substituted aliphatic hy- 
drocarbon compound from which two hydrogen atoms are eliminated and in 
which oxygen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous 
atom or boron atom may be substituted for at least one carbon atom thereof. 
Examples of the bivalent organic groups relating to the substituted/ non- 
substituted aliphatic hydrocarbon compounds are equivalent to substituted/ 
non- substituted alkyl groups and substituted/ non-substituted cycloalkyl 
groups each further eliminated a hydrogen atom. 

Otherwise, the bivalent organic group is equivalent to the aromatic hydro- 
carbon compound from which two hydrogen atoms are eliminated and in whi- 
ch oxygen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous atom 
or boron atom may be substituted for at least one carbon atom thereof or the 
substituted aromatic hydrocarbon compound from which two hydrogen atoms 
are eliminated and in which oxygen atom, nitrogen atom, sulfur atom, silicon 
atom, phosphorous atom or boron atom may be substituted for at least one 
carbon atom thereof. Examples of the bivalent organic groups relating to the 
substituted/ non-substituted aromatic hydrocarbon compounds are benzene, 
naphthalene, anthracene, phenanthrene, triphenylene, pyrene, chrysene, 
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naphthacene, picene, perylene, pentaphene, pentacene, thiophene, thianthrene, 
furan, pyran, pyrrole, pyridine, pyrazine, pyrimidine, pyridazine, indole, 
quinoline, isoquinoline, phthalazine, naphthyridine, quinoxaline, carbazole, 
phenanthridine, acridine, phenazine, phenanthroline and phenoxazine each 
eliminated two hydrogen atoms. 

Otherwise, the bivalent organic group is equivalent to the amine com- 
pound from which two hydrogen atoms are eliminated and in which oxygen 
atom, nitrogen atom, sulfur atom, silicon atom, phosphorous atom or boron 
atom may be substituted for at least one carbon atom thereof or the substitut- 
ed amine compound from which two hydrogen atoms are eliminated and in 
which oxygen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous 
atom or boron atom may be substituted for at least one carbon atom thereof. 
The bivalent organic groups relating to the substituted/ non-substituted amine 
compounds are expressed as - NX 8 -. Examples of the substituent X s are the 
above-mentioned substituted/ non-substituted alkyl groups, the substituted/ 
non-substituted alkenyl groups, the substituted/ non-substituted cycloalkyl 
groups, the substituted/ non-substituted aryl groups, the substituted/ non- 
substituted aralkyl groups. 

Otherwise, the bivalent organic group is equivalent to the ether compound 
from which two hydrogen atoms are eliminated and in which oxygen atom, 
nitrogen atom, sulfur atom, silicon atom, phosphorous atom or boron atom 
may be substituted for at least one carbon atom thereof or the substituted eth- 
er compound from which two hydrogen atoms are eliminated and in which 
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oxygen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous atom or 
boron atom may be substituted for at least one carbon atom thereof. The bi- 
valent organic groups relating to the substituted/ non-substituted ether com- 
pounds are expressed as -X 9 OX 10 -. The substituents X 9 and X 10 are indepen- 
dent of one another. Examples of the substituents X 9 / X 10 are the above- 
mentioned substituted/ non-substituted alkyl groups, substituted/ non- 
substituted alkenyl groups, substituted/ non- substituted cycloalkyl groups, 
substituted/ non-substituted aryl groups, substituted/ non-substituted aralkyl 
groups and combinations each containing at least one of these groups. 

Otherwise, the bivalent organic group is equivalent to the ester compound 
from which two hydrogen atoms are eliminated and in which oxygen atom, 
nitrogen atom, sulfur atom, silicon atom, phosphorous atom or boron atom 
may be substituted for at least one carbon atom thereof or the substituted ester 
compound from which two hydrogen atoms are eliminated and in which oxy- 
gen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous atom or 
boron atom may be substituted for at least one carbon atom thereof. The bi- 
valent organic groups relating to the substituted/ non-substituted ester com- 
pounds are expressed as -X u C(=0) OX 12 - or -C(=0) OX 12 -. The substituents 
X 11 and X 12 are independent of one another. Examples of the substituents 
X 11 / X 12 are the above-mentioned substituted/ non-substituted alkyl groups, 
substituted/ non-substituted alkenyl groups, substituted/ non-substituted cy- 
cloalkyl groups, substituted/ non-substituted aryl groups, substituted/ non- 
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substituted aralkyl groups and combinations each containing at least one of 
these groups. 

Otherwise, the bivalent organic group is equivalent to the ketone com- 
pound from which two hydrogen atoms are eliminated and in which oxygen 
atom, nitrogen atom, sulfur atom, silicon atom, phosphorous atom or boron 
atom may be substituted for at least one carbon atom thereof or the substitut- 
ed ketone compound from which two hydrogen atoms are eliminated and in 
which oxygen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous 
atom or boron atom may be substituted for at least one carbon atom thereof. 
The bivalent organic groups relating to the substituted/ non-substituted ketone 
compounds are expressed as -X 13 C(=0) X 14 . The substituents X 13 and X 14 are 
independent of one another. Examples of the substituents X 13 / X 14 are the 
above-mentioned substituted/ non- substituted alkyl groups, substituted/ non- 
substituted alkenyl groups, substituted/ non-substituted cycloalkyl groups, 
substituted/ non-substituted aryl groups, substituted/ non-substituted aralkyl 
groups and combinations each containing at least one of these groups. 

Otherwise, the bivalent organic group is equivalent to the amido com- 
pound from which two hydrogen atoms are eliminated and in which oxygen 
atom, nitrogen atom, sulfur atom, silicon atom, phosphorous atom or boron 
atom may be substituted for at least one carbon atom thereof or the substitut- 
ed amido compound from which two hydrogen atoms are eliminated and in 
which oxygen atom, nitrogen atom, sulfur atom, silicon atom, phosphorous 
atom or boron atom may be substituted for at least one carbon atom thereof. 
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The bivalent organic groups relating to the substituted/ non-substituted amido 
compounds are expressed as -NX 15 -C(=0) X 16 . The substituents X 15 and X 16 
are independent of one another. Examples of the substituents X 15 / X 16 are the 
above-mentioned substituted/ non-substituted alkyl groups, substituted/ non- 
substituted alkenyl groups, substituted/ non-substituted cycloalkyl groups, 
substituted/ non-substituted aryl groups, substituted/ non-substituted aralkyl 
groups and combinations each containing at least one of these groups. The 
substituent XI 15 may be hydrogen atom. 
Process 

There is not any limit on a process for producing the cyclic conjugated 
carbonyl compound. The cyclic conjugated carbonyl compound is, by way of 
example, produced by dropping water solution of sodium hydroxide contain- 
ing potassium hexacyanoferrdte (III) into sblution of chloroform containing 
phenol compound. Upon completion of the reaction, it is preferable to refine 
the reaction product through a column chromatography so as to separate the 
cyclic conjugated carbonyl compound from by-product. 
Examples 

Examples of the cyclic conjugated carbonyl compound used in the battery 
according to the present invention are expressed by structural formulae (17) 
to (38). 
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Material for Other Electrode 

The cyclic conjugated carbonyl compound is used in both of the negative 
electrode 1 and the positive electrode 2, or is used in one of the negative 
electrode 1 and the positive electrode 2. The cyclic conjugated carbonyl 
compound is smaller in mass than the conventional active material in the 
metal oxide series, and is larger in energy density than the conventional ac- 
tive material in the metal oxide series. For this reason, it is preferable to use 
the cyclic conjugated carbonyl compound in the positive electrode 2 as the 
active material. 

In case, where the cyclic conjugated carbonyl compound is used in one of 
the negative electrode 1 and the positive electrode 2 as the active material, the 
other electrode 2 or 1 may contain the following active material. 

The negative electrode layer la is assumed to contain the cyclic conjugat- 
ed carbonyl compound, the active material in the positive electrode layer 2a 
may be metal oxide grains, disulfide compound or conductive polymer com- 
pound. Examples of the metal oxide are lithium manganese oxide such as, for 
example, LiMn0 2 , Li x Mn 2 0 4 where x is greater than zero and less than 2, 
lithium manganese oxide spinel, Mn0 2 , LiCo0 2 , LiNi0 2 and Li x V 2 O s where x 
is greater than zero and less than 2. Examples of the disulfide compound are 
dithiogylcol, 2,5-dimercapto- 1,3,4- thiadiazole and S-triazine- 2,4,6- trithiol. 
Examples of conductive polymer compound are polyacetylene, polyphenylene, 
polyaniline and polypyrrole. More than one kind of the active material de- 
scribed hereinbefore may be simultaneously used in the positive electrode 
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layer 2a. At least one kind of the active material may be mixed with the cy- 
clic conjugated carbonyl compound in the positive electrode layer 2a. 

On the other hand, in case where the positive electrode layer 2a contains 
the cyclic conjugated carbonyl compound, the active material in the negative 
electrode 1 may be graphite, amorphous carbon, lithium metal, lithium alloy, 
lithium ion insertion carbon, conductive polymer compound or mixture con- 
taining more than one kind of the above-described active material. These 
M. kinds of conventional active material are provided in an arbitrary shape. The 

p lithium metal is, by way of example, provided in the form of thin section, 

fU 

M= bulk, solidified powder, fiber or flake. At least one kind of the active materi- 

al may be mixed with the cyclic conjugated carbonyl compound in the nega- 
Z\ tive electrode layer 1 a. 

H C onductive Adjuvant and Tonic Conduction Adjuvant 

m 

O When the negative/ positive electrode layer or layers la/ 2a are formed 

from the cyclic conjugated carbonyl compound, conductive adjuvant and/ or 
ion conduction adjuvant may be mixed with the cyclic conjugated carbonyl 
compound for reducing the impedance. Examples of the conductive adjuvant 
are carbonaceous fine grain such as, for example, graphite, carbon black and 
acetylene black, and conductive polymer compound such as, for example, 
polyaniline, polypyrrole, polythiophene, polyacetylene and polyacene. Ex- 
amples of the ionic conduction adjuvant are gel-electrolyte and solid electro- 
lyte. 
Binder 
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The positive/ negative electrode layer or layers may further contain binder 
so as to bind the cyclic conjugated carbonyl compound with the other materi- 
als such as the conductive adjuvant and/ or the ionic conduction adjuvant. An 
examples of the binder is resin binder such as, for example, polyfluorovi- 
nylidene, vinylidenefluoride -hexfluoropropylene copolymer, vinylidene- 
fluoride -tetrafluoroethylene copolymer, styrene -butadiene copolymerized 
rubber, polytetrafluoroethylene, polypropylene, polyethylene and polyimide. 
Catalyst 

The negative/ positive electrode layer or layers la/ 2a may further contain 
catalyst in order to increase the rate of the electrode reaction. Examples of the 
catalyst are conductive polymer compound such as, for example, polyaniline, 
polypyrrole, polythiophene, polyacetylene and polyacene, basic compound 
such as, for example, pyridine derivative, pyrrolidone derivative, benzimi- 
dazole derivative, benzthiazole derivative and acridine derivative, and metal 
ion complex. 
Current Collector 

The negative/ positive electrode layers la/ 2a form the negative/ positive 
electrodes 1/ 2 together with the current collectors 3/ 4. The current collec- 
tors 3/ 4 are provided in the form of metallic foil, metallic plate, conductive 
mesh and carbon electrode. The metallic foil/ metallic plate may be formed 
of nickel, aluminum, copper, gold, silver, aluminum alloy or stainless steel. 
The negative current collector 3 and/ or positive current collector 4 may have 
catalytic function. The negative current collector 3 and/ or positive current 
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collector 4 may be chemically bonded to the active material. Meanwhile, the 
separator 5 such as, for example, porous film or non- woven fabric may be 
provided in order to prevent the negative electrode/ positive electrode from 
contact. 
Electrolyte 

The separator contains the electrolyte, which is expected to carry electric 
charge. The electrolyte has the ionic conductivity of the order of 10" 5 to 10" 1 
S/ cm at room temperature. The electrolyte may contain electrolytic salt whi- 
ch is dissolved in solvent. The electrolytic salt may be lithium salt such as, 
for example, LiC10 4 , LiPF 6 , LiBF 4 , LiCF 3 S0 3 , Li(CF 3 S0 2 ) 2 N, Li(C 2 F 5 S0 2 ) 2 N, 
Li(CF 3 S0 2 ) 3 C and Li(C 2 F 5 S0 2 ) 3 C. Examples of the solvent are organic sol- 
vent such as, for example, ethylene carbonate, propylene carbonate, dimethyl 
carbonate, diethyl carbonate, methyl ethyl carbonate, y — butyrolactone, tetra- 
hydrofuran, dioxoran, sulforan, dimethylformamido, dimethylacetoamido and 
N-methyl-2- pyrrolidone. More than one kind of solvent may be blended. 

The electrolyte used in the battery according to the present invention may 
be high- molecular weight compound. The high-molecular weight compound 
is used in the form of gel, i.e., the high molecular weight compound contain- 
ing the liquid electrolyte. Otherwise, the high molecular weight compound is 
available as they are. Examples of the high molecular weight compound are 
high molecular weight vinilidene fluoride compound series such as, for exam- 
ple, polyvinylidene fluoride, vinylidene fluoride- ethylene copolymer, vi- 
nylidene fluoride- monofluoroefhylene copolymer, vinylidene fluoride- tri- 
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fluoroethylene copolymer, vinylidene fluoride- tetrafluoroethylene copolymer, 
vinylidene fluoride- hexafluoropropylene copolymer and vinylidene fluoride- 
hexafluoropropylene- tetrafluoroethylene copolymer, high molecular weight 
acrylonitrile compound series such as, for example, acrylonitrile- methyl- 
methacrylate copolymer, acrylonitrile- ethylmethacrylate copolymer, acrylo- 
nitrile- methylacrylate copolymer, acrylonitrile- ethylacrylate copolymer, ac- 
rylonitrile- methacrylic acid copolymer, acrylonitrile- acrylic acid copolymer 
and acrylonitrile- vinylacetate copolymer, polyethylene oxide, ethylene oxide- 
propylene oxide copolymer, acrylate ester of these oxides and methacrylate 
ester of those oxides. More than one kind of the high molecular weight com- 
pound may be mixed 
Shape 

The battery according to the present invention may be formed in any con- 
ventional shape. The battery drawn in figures 1 and 2 has the laminated 
structure sealed in the package 6. The battery may have a wound structure. 
The package may be formed of metal or synthetic resin. A laminated film, 
which is formed from metal, foils such as aluminum foils and synthetic resin 
films, is available for the package. The battery according to the present in- 
vention has the external appearance like a cylinder, box, disc or sheet. These 
external configurations do not set any limit on the present invention. 
Method of Lamination 

The negative electrode layer la and the positive electrode layer 2a are 
produced through any conventional laminating process. The negative electro- 



38 



de layer la and/ or the positive electrode layer 2a may have a multi-layered 
structure. The negative electrode layer la and/ or the positive electrode layer 
2a may be held in contact with both of the associated current collectors 3/ 7, 
and the lamination may be multipled. The lamination may be wound. Any 
method is available for the lamination. 
Fabrication Process 

There is not any limit on a process for fabricating the battery according to 
the present invention. One of the processes available for the fabrication of 
the battery has the following sequence. First, the solvent is added to the ac- 
tive material so as to obtain slurry. The slurry is spread on the current col- 
lectors 3/ 4, and the separator 5 is sandwiched between the negative electrode 
1 and the positive electrode 2. The lamination 1/ 2/ 5 per se is used. Other- 
wise, the lamination 1/ 2/ 5 is wound. The lamination 1/ 2/ 5 or the wound 
body is wrapped in the case 6, and the electrolyte is injected thereinto. Thus, 
the lamination 1/ 2/ 5 and the electrolyte is sealed in the case 6. 

The cyclic conjugated carbonyl compound is available for the battery as it 
is. Otherwise, a precursor may be used in the battery according to the present 
invention. The precursor is changed to the cyclic conjugated carbonyl com- 
pound through the electrode reaction. 

In order to evaluate the battery according to the present invention, the pre- 
sent inventors produced samples of the battery according to the present in- 
vention and comparative samples. However, the samples do not set any limit 
on the present invention. 
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First Embodiment 

The present inventors produced the first sample and the comparative sam- 
ple as follows. 

Argon atmosphere was created in a dry box equipped with a gas refining 
system. 60 milligrams of vinylidenefluoride -hexafluoropropylene copolymer 
was mixed in 140 milligrams of mixture of ethylene carbonate/ propylene 
carbonate containing LiPF 6 as the electrolytic salt at lmole/ litter. The ratio 

M, of ethylene carbonate to the propylene carbonate was 1 : 1 in the mixture. 

D 

O Thereafter, 130 grams of tetrahydrofuran was added into the resultant mixture 

ri at room temperature so as to obtain gel electrolyte of tetrahydrofuran solution, 

fij The tetrahydrofuran solution is a kind of ionic conduction adjuvant. 
M" 30 milligrams of the cyclic conjugated carbonyl compound expressed by 

ru 

** structural formula (24) was mixed with 60 milligrams of graphite powder. 

Thereafter, 200 milligrams of the ionic conduction adjuvant, i.e., the gel 
electrolyte of tetrahydrofuran solution was added to the mixture. 1,000 milli- 
grams of tetrahydrofuran was further mixed thereinto, and the resultant mix- 
ture was well mixed until homogenous slurry was obtained. The homogenous 
slurry was black. 

An aluminum foil was prepared. The aluminum foil measured 1.5 centi- 
meters by 1.5 centimeters, and the thickness was 100 microns. A lead wire 
has been already connected to the aluminum foil. 200 milligrams of the 
black slurry was dropped onto the surface of the aluminum foil, and was uni- 
formly spread over the surface by using a wire bar. The black slurry thus 
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spread over the aluminum foil was left for 60 minutes at room temperature. 

The solvent, i.e., tetrahydrofuran was vaporized, and the cyclic conjugated 

carbonyl compound expressed by structural formula (24) formed the electrode 

layer on the aluminum foil. 

Subsequently, 600 milligrams of vinylidenefluoride -hexafluoropropylene 

copolymer was mixed in 1400 milligrams of mixture of ethylene carbonate/ 

propylene carbonate containing LiPF 6 at lmole/ litter. 11.3 grams of tetrahy- 

u drofuran was added to the mixture, and the resultant mixture was mixed at 

p room temperature. After the vinylidenefluoride -hexafluoropropylene co- 

Ill 

polymer was dissolved, the resultant solution was spread on a glass plate with 
a step in such a manner as to be 1 millimeter thick. The resultant glass plate 

111 

!\ was left for an hour so that the tetrahydrofuran was air-dried. Then, a layer of 

~ gel electrolyte of 150 microns thick was obtained on the glass plate. 

Q Subsequently, a gel electrolyte layer was cut from the glass plate, and 

|* 

measured 2.0 centimeters by 2.0 centimeters. The piece of gel electrolyte 
layer was laminated on the aluminum foil formed with the electrode layer of 
the cyclic conjugated carbonyl compound expressed by structural formula 
(24). A laminated foil was prepared. The laminated foil included a lithium 
layer of 30 microns thick laminated with a copper foil of 20 microns thick. , 
and a lead wire has been already connected to the laminated foil. The lami- 
nated foil was further overlaid on the gel electrolyte layer. The resultant 
structure was sandwiched between sheets of polytetrafluoroethylene, and 
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pressure was applied thereto. Thus, the first sample of the battery according 
to the present invention was obtained. 

Black slurry was produced as similar to the first sample except that the cy- 
clic conjugated carbonyl compound expressed by structural formula (24) was 
not mixed. The black slurry was spread over an aluminum foil so as to form 
the electrode layer, and the gel electrolyte layer, which was same as that of 
the first sample, was laminated on the electrode layer. A laminated foil, whi- 
ch is also same as the laminated foil used in the first sample, was further 
laminated on the gel electrolyte layer. The resultant structure was sand- 
wiched between sheets of polytetrafluoroethylene, and pressure was applied 
thereto. Thus, the comparative sample was obtained. 

The present inventors evaluated the first sample and the comparative sam- 
ple as follows. Using the lead wire connected to the aluminum foil spread 
with the electrode layer containing the cyclic conjugated carbonyl compound 
expressed by structural formula (24) and the lead wire connected to the lami- 
nated foil as the positive electrode and the negative electrode, respectively, 
current was constantly discharged at 0.1 milliampere. The potential level was 
plotted. Then, the plots had a flat portion around 2.5 volts. Thus, the present 
inventors confirmed that the first sample was operating as a battery. The first 
sample was repeatedly discharged and charged, and the potential level was 
varied as shown in figure 3. The flat portions were observed around 2.5 volts 
during the discharging/ charging repeated ten times. Thus, the first sample 
was operating as a secondary battery. 
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The comparative sample was discharged as similar to the first sample. The 
potential level rapidly fell, and the comparative sample was not operating as a 
stable battery. The present inventors charged the comparative sample at 0. 1 
milliampere. The comparative sample rapidly raises the potential level over 
4.5 volts. The present inventors further charged the comparative sample. 
However, any flat portion was not observed. The present inventors concluded 
that the comparative sample was not operating as a secondary battery. 
Second Embodiment 

The second sample was fabricated as similar to the first sample except that 
the cyclic conjugated carbonyl compound expressed by structural formula 
(24) was replaced with the cyclic conjugated carbonyl compound expressed 
by structural formula (22). 

The second sample was evaluated as similar to the first sample. A flat 
portion was observed around 1.8 volts, and the present inventors confirmed 
that the second sample was operating as a battery. 

Subsequently, the discharging/ charging were repeated as similar to the 
first sample. Although the discharging/ charging were repeated ten times, the 
flat portions were observed around 1.8 volts during the discharging/ charging, 
and the present inventors confirmed that the second sample was operating as a 
secondary battery. 

Third Embodiment to Sixth Embodiment 

The third sample was fabricated as similar to the first sample except that 
the cyclic conjugated carbonyl compound expressed by structural formula 



(24) was replaced with the cyclic conjugated carbonyl compound expressed 
by structural formula (31). The fourth sample was fabricated as similar to 
the first sample except that the cyclic conjugated carbonyl compound ex- 
pressed by structural formula (24) was replaced with the cyclic conjugated 
carbonyl compound expressed by structural formula (17). The fifth sample 
was fabricated as similar to the first sample except that the cyclic conjugated 
carbonyl compound expressed by structural formula (24) was replaced with 
the cyclic conjugated carbonyl compound expressed by structural formula 

(25) . The sixth sample was fabricated as similar to the first sample except 
that the cyclic conjugated carbonyl compound expressed by structural formula 
(24) was replaced with the cyclic conjugated carbonyl compound expressed 
by structural formula (35). 

The third to sixth samples were evaluated as similar to the first sample. A 
flat portion was observed in voltage characteristics of any one of the third to 
sixth samples, and the present inventors confirmed that the third samples to 
sixth sample were operating as a battery. The present inventors repeated the 
discharging/ charging ten times, and measured the potential level. The pre- 
sent inventors confirmed that the third to sixth samples were operating as a 
secondary battery. 

As will be appreciated from the foregoing description, the battery accord- 
ing to the present invention has at least one of the positive/ negative electro- 
des with the active material containing the cyclic conjugated carbonyl com- 
pound with the particular structure expressed by general formula (1). The 
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battery is high in energy density, large in capacity and stable. The cyclic 
conjugated carbonyl compound expressed by general formula (1) is composed 
of the low-mass elements. For this reason, the battery according to the pre- 
sent invention is superior in weight and safety to the prior art battery con- 
taining the heavy metal compound. 

Although particular embodiments of the present invention have been shown 
and described, it will be apparent to those skilled in the art that various 
changes and modifications may be made without departing from the spirit and 
scope of the present invention. 
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